We report an observation of the Draco cloud region using the Far-ultraviolet IMaging Spectrograph (FIMS/ SPEAR). The spectra show important ionic lines, such as C iv λλ1548, 1551, Si iv+O iv] λ1394, Si ii* λ1533, and Al ii λ1671, indicating the existence of hot and warm interstellar gases toward the region. The map of the continuum is generally in accord with the infrared map, which indicates far-ultraviolet continuum is mostly the starlight scattered off by the dust grains in the Draco cloud. Enhanced C iv emission is seen inside the Draco cloud region and attributed to the turbulent mixing of the interacting cold and warm/hot media. This interpretation is supported by the detection of O iii] λ1661 emission line and the Hα feature in this region. We found slightly fainter C iv and far brighter Si ii* emissions covering the rest of the region outside the Draco cloud, in agreement with previous observations of Galactic halos. Additionally, we also found that the molecular hydrogen fluorescence map is consistent with the morphology of the atomic neutral hydrogen and dust emission of the Draco cloud, direct evidence supporting the notion that substantial amounts of hydrogen nuclei exist in molecular form in the cloud.
INTRODUCTION
The Draco cloud [IVC G90.0 +38.0 (V LSR ∼ −21 km s −1 )], which is located in the Galactic high latitude region, is one of the most extensively studied intermediate velocity clouds (IVCs) . It was first identified by observing diffuse optical and 21 cm line emissions, which revealed that the amount of hydrogen nuclei inferred from the 21 cm line is too small to be consistent with extinction (Goerigk et al. 1983) . It was also argued in the observation that the missing hydrogen nuclei would exist in molecular form. The ensuing CO emission survey indicated the existence of molecular hydrogen in the cloud (Magnani et al. 1985; Mebold et al. 1985) .
Meanwhile, the soft X-ray (SXR) shadow effect cast on the Draco cloud was discovered by the Röntgen-Satellit (ROSAT), and it was found that more than 50% of the SXR 1/4 keV emission is attenuated in the core region of the cloud (Burrows & Mendenhall 1991; Snowden et al. 1991) . This result suggests that a large portion of SXR emission comes from the hot plasmas (T ∼ 10 6 K) located at the Galactic halo. Assuming a twocomponent absorption model, Moritz et al. (1998) to be larger than the neutral atomic hydrogen column density N(H i) at the deepest SXR shadow, implying that a large portion of hydrogen is, in fact, in molecular form.
There have been huge discrepancies in measurements of the distance to the Draco cloud, depending on the measurement methods. Mebold et al. (1985) suggested 300 pc < d < 800 pc by star counts. Goerigk & Mebold (1986) conducted a photometric study, providing a lower limit of d > 800 pc. Lilienthal et al. (1991) measured Na i absorption lines toward nearby bright stars and proposed d > 180 pc. A more recent and reliable measurement has been provided by Gladders et al. (1998) in which they used absorption lines to obtain 463 pc < d < 618 pc.
Based on the previous SXR observations ( McCammon et al. 1983 ) as well as their own optical and radio observations, Goerigk et al. (1983) argued that the Draco cloud is in direct contact with the surrounding hot coronal gas. The comet-like morphology of the Draco cloud, as shown in IRAS 100 μm observations, seems to support the possibility of such a hydrodynamical interaction between the cloud and the surrounding interstellar medium (ISM; Odenwald & Rickard 1987) . There has also been speculation about the existence of a shock front at its lower boundary, where the interaction with the high-velocity clouds (HVCs) might occur (Hirth et al. 1985; Moritz et al. 1998) . While these filamentary and clumpy HVCs are seen around the Draco cloud on the celestial sphere (Herbstmeier et al. 1996; Moritz et al. 1998; Verschuur 1990) , recent observations have shown that these HVCs are actually located much farther away than the Draco cloud, at distances of 10 ± 2.5 kpc (Wakker et al. 2007; Thom et al. 2008 ). Hence, it seems unlikely that the Draco cloud interacts with these HVCs.
In this paper, we report the results of far-ultraviolet (FUV) observations of the Draco cloud region made with the Far ultraviolet IMaging Spectrograph (FIMS), also known as the Spectroscopy of Plasma Emission from Astrophysical Radiation (SPEAR), flown aboard the Korean microsatellite STSAT-1. We present the FUV spectra, the FUV continuum map, and C iv, Si ii*, and H 2 fluorescence emission line maps. We also compare the FUV maps with those obtained in other wavelengths observations, such as IRAS 100 μm, SXR 1/4 keV, N(H i) 21 cm, and Hα.
FUV OBSERVATIONS AND DATA REDUCTION
The FIMS/SPEAR instrument, designed for the observation of FUV emission lines from diffuse ISM, consists of two spectral channels, the short wavelength channel (S-band, 900-1150 Å) and the long wavelength channel (L-band, 1350-1750 Å) . They have fields of view of 4.
• 0 × 4. 6 and 7.
• 4 × 4. 3, respectively, and an imaging resolution of about 5 × 10 . The spectral resolution for both channels is λ/Δλ ∼ 550. We use only the L-band data in the present study as they are less affected by strong geo-coronal lines. Details regarding the on-orbit performance and the data analysis procedures are described in Edelstein et al. (2006a Edelstein et al. ( , 2006b ). The Draco cloud region centered on (l, b) = (90.
• 3, +38.
• 8) was observed with the sky-survey observation mode from 2004 February to May. The present analysis is based on a total of 157 orbits of observation with an average exposure time of ∼ 13 s.
With a location at high Galactic latitude, the Draco cloud region is relatively free of bright stars. Nevertheless, we carefully removed possible contamination that might come from bright stars. We excluded photon events with count rates over 1000 counts s −1 , which is about eight times the median value, as they were mostly due to bright point sources. About 1% of the total events were removed in this step. In addition, we discarded the pixels that correspond to bright stars of the TD-1 star catalog (Gondhalekar et al. 1980 ). There were only six bright stars with FUV intensities over 1×10 −12 erg cm −2 s −1 sr −1 Å −1 according to the TD-1 catalog: two of them were B7-and B8-type stars, and the rest were A0-type stars.
The FUV continuum map was constructed for the wavelength band of 1380-1680 Å. The entire region of ∼ 4.
• 3 was binned with an angular resolution of ∼ 0.
• 1 using the pixelization scheme HEALpix (Górski et al. 2005 ) and smoothed with a Gaussian function of 0.
• 5 FWHM. The spectral maps for the C iv λλ1548,1551, Si ii*λ1533 emission lines, and the H 2 fluorescence lines centered at 1608 Å were also constructed for the same field of ∼ 4.
• 3 with the same pixel size as in the continuum map. The spectrum for each pixel around the emission line of interest was fitted with a constant continuum and a Gaussian function of the width of the spectral resolution of FIMS/SPEAR with a fixed line center. The emission-line intensities were calculated for each pixel, and the final spectral maps were obtained after smoothing the images with a Gaussian function of 0.
• 5 FWHM.
ANALYSIS AND RESULTS
Figures 1(a)-(d) show previously observed maps for the region of the Draco cloud obtained with the IRAS 100 μm observations (Odenwald & Rickard 1987) , ROSAT 1/4 keV SXR band (Snowden et al. 1997 ), H i 21 cm (Hartmann & Burton 1997) , and the Hα (Finkbeiner 2003 We have divided the map into regions A and B, as shown in Figure 1 (a): "inside" the Draco cloud where strong absorption of the SXR 1/4 keV emission occurs (region A) and "outside" the Draco cloud, representing the background halo where the SXR 1/4 keV is bright (region B). The spectra in the three panels of Figure 2 were obtained by binning photons with a 1 Å bin size and by smoothing with a Gaussian function of 5 Å FWHM. In the top panel of Figure 2 , which shows the spectrum of the entire region, we can identify several important ionic lines tracing hot and warm ionized gases: C iv λλ1548, 1551, Si ii* λ1533, and Al ii λ1671. The transition line to the true ground state, Si ii λ1527, is not visible, presumably due to resonant scattering in the optically thick warm ionized medium (Korpela et al. 2006) . The peaks at 1560 Å, 1570 Å, and 1581 Å might be Fe ii emission lines, mostly emitted at T max ∼ 10 4.5 K. However, no previous observations have been reported on these lines, except that which was briefly described in Korpela et al. (2006) . In addition to the ionic lines, molecular hydrogen fluorescence lines are also detected, especially around 1608 Å. The spectra for regions A (the "inside" region) and B (the "outside" region) are shown in the next two panels of Figure 2 . Even a cursory examination of the two panels shows that C iv is brighter in region A, although C iv is common in both regions. On the contrary, Si ii* was detected mostly in region B. The broad and unresolved Si iv+O iv] complex around 1400 Å and the small bump of O iii] in 1661 Å are clearly identified only in region A. The H 2 fluorescence lines around 1608 Å as well as the small bumps near 1435 Å and 1465 Å are also found in region A, while little indication is present in region B.
We have estimated the averaged FUV spectral line intensities of the major ionic species, together with H 2 fluorescence lines, for the entire region and subregions A and B, as shown in Table 1 . We have made no attempt to correct the line intensity values for extinction by interstellar dust. The C iv doublet was fitted by two Gaussians centered at 1548 Å and 1551 Å with their intensity ratio of 2:1. Because of the proximity of C iv and Si ii* in the spectra, we simultaneously fitted these two lines with data in the wavelength range of 1520-1560 Å. The H 2 fluorescence lines around 1608 Å contain a large amount of emissions, but, since they were not resolved, they were fitted with a single Gaussian centered at 1608 Å. The line intensity of Si iv+O iv] was calculated with two Gaussians assuming the same line ratio of 1:5.5 as that of Seon et al. (2006) for the supernova remnant Cygnus Loop. We also obtained similar line intensities using a ratio of 1:2. The averaged C iv emission intensity of ∼ 5560 LU (line unit; photons cm −2 s −1 sr −1 ) in region B is consistent with the previous observations of 2200-5700 LU obtained toward the Galactic halo regions (see Bowyer 1991 for a review), and also with the FIMS/SPEAR results of ∼ 5800 LU observed toward the North Ecliptic Pole (Korpela et al. 2006) as well as near the North Galactic Pole (Welsh et al. 2007) , indicating the existence of a hot ionized medium (T ∼ 10 5 K) over the entire Draco cloud region. The averaged intensities of Si ii* and Al ii are also consistent with previous observations (Korpela et al. 2006; Welsh et al. 2007) , indicating the presence of a warm ionized medium (T ∼ 10 4 K) as well. Figures 3(a)-(d) show the FUV continuum map (1380 Å-1680 Å), the C iv (λλ1548, 1551) emission map, the Si ii* (λ1533) emission map, and the molecular hydrogen fluorescence (∼1608 Å) emission map, respectively, constructed from the FIMS/SPEAR observations. The FUV continuum map in Figure 3 (a) shows overall correlations with the dust emission shown in Figure 1(a) (or the overplotted contours) and the atomic neutral hydrogen distribution of Figure 1(c) , although the detailed relationship between them is rather complex. It is also evident that the continuum generally anticorrelates with the 
DISCUSSION

FUV Continuum Emission Around the Draco Cloud
As Goerigk et al. (1983) attributed the diffuse optical nebulosity seen in the Palomar Observatory Sky Survey to the integrated starlight scattered by the dust grains from the surroundings or from the Galaxy, the FIMS/SPEAR observation shows that the FUV continuum map (Figure 3(a) ) generally correlates with the dust emission map. However, it should be noted that FUV continuum emission does not peak in the densest core region of the Draco cloud. We believe this is due to the lack of a stellar radiation field near the densest core region, possibly coupled with internal extinction. In fact, FUV continuum emission is bright toward the galactic disk, which is in accord with the notion that the interstellar radiation field is stronger toward the galactic disk. Mebold et al. (1985) suggested that the interstellar radiation field toward the Draco cloud may be less intense based on five times smaller "transition" column density (N TR ∼ 1 × 10 20 cm −2 ) toward this region than the corresponding column density in the galactic plane. The N TR is the atomic complement of the molecular hydrogen column density shielding the interior of the molecular clumps from the dissociating interstellar radiation field (refer to Federman et al. 1979) . Therefore, along with the lack of radiation source around the densest core region, it is apparent that the dust-scattered FUV continuum emission should be faint in the region.
C iv Enhancement Inside the Draco Cloud Region
The C iv enhancement in the Draco cloud cannot be caused by photoionization, not only because of the lack of bright stars toward the region based on the TD-1 catalog, but also because of the absence of emission of the Si ii* line seen in Figure 3(c) , which is more likely to be generated by photoionization. In addition, Odenwald & Rickard (1987) proposed that the weak IRAS 12 μm emission, in comparison with the rather bright 60 μm and 100 μm emissions, may indicate low ambient stellar radiation. Hence, it seems that the bright C iv emission inside the Draco cloud is of dynamic origins, such as shock and/or turbulent mixing layers.
One of the mechanisms that can produce enhanced C iv emission is the scenario of turbulent mixing layers, initiated by shear flows at the boundary between hot and cold gases. Spitzer (1996) argued that the radiative cooling of hot infalling gas and turbulent mixing of hot gas with cool clouds are more prevalent in the Galactic halo region, while, in the galactic disk region, highly ionized species are generally produced by conductive heating at the interface between hot and cool gases. According to Slavin et al. (1993) , turbulent mixing layers are able to heat the surrounding gases up to T ∼ 10 5.0 -10 5.5 K and radiate strongly in the ultraviolet and optical bands such as C iv, O iii], and O vi emission lines, as well as Hα emission. The present result of enhanced C iv and O iii] emissions inside the Draco cloud, as shown in Figure 2 , is in good agreement with the expectations in Slavin et al. (1993) , though the lack of Si ii* inside the cloud may indicate the temperature of the turbulent layer is rather high, close to T ∼ 10 5.5 K. According to Table 1 , the line ratio of C iv to O iii] emissions is ∼4.9 while the theoretical ratio was estimated to be ∼3.7 in the turbulent mixing layers of log T = 5.5 for the cold clouds of T ∼ 100 K with a shear velocity of 100 km s −1 (Slavin et al. 1993 ). Also, it should be noted that Hα is bright in the cloud, as can be seen in Figure 1(d) . The bright Hα spot at (l, b) = (89.
• 6, +39.
• 1) of Figure 1(d) is the H ii region LBN 406 (Lynds 1965) and is not related to the Draco cloud. Disregarding the LBN 406, the correlation between Hα and the cloud becomes clearer, except that Hα becomes generally brighter toward the galactic plane. Hence, the bright C iv emission seems to arise in the plumes streaming off the densest clumps of the Draco cloud, assuming that the Draco cloud is falling toward the galactic plane (cf. Odenwald & Rickard 1987) . The plumes of the Draco cloud might interact with the hot halo gases and produce turbulent mixing layers.
Galactic Halo Outside the Draco Cloud
The C iv line intensity outside the Draco cloud, though it appears low compared to the cloud region, is in fact ∼6000 LU in most of the outside region and is similar to line intensity of Si ii*, as can be seen in Figures 3(b) and (c). On the other hand, Si ii* is bright only outside the cloud region with extremely low emission in the region of the cloud. These findings are in good agreement with the existence of hot and warm ionized media located beyond the cloud, as first discovered by the SXR shadow effect (Burrows & Mendenhall 1991; Snowden et al. 1991) . We note that the densest cloud core ((l, b) = (89.
• 8, +38.
• 7)), where the SXR background shows the strongest absorption, is rather bright, with ∼5000 LU of Si ii* emission. This is possibly due to the contribution from the H ii region (LBN 406; Lynds 1965) , also shown in Figure 1(d) , which can radiate Si ii* emission along the line of sight.
The Detection of H 2 Fluorescence
The direct measurement of the column density of molecular hydrogen, N(H 2 ), has been only feasible for selected small-scale regions via FUV or near-infrared absorption line studies toward strong continuum sources (Moritz et al. 1998 ). An alternative method has been to measure the velocity-integrated intensity of the J = 1 → 0 transition of 12 CO at 2.6 mm and W( 12 CO) and then to apply a conversion factor, x WCO ≡ N (H 2 )/W( 12 CO), to the observed 12 CO line intensity. However, large quantitative differences exist in the x WCO between different regions of the Galaxy, or even within one molecular cloud. Moritz et al. (1998) corresponds to the H 2 since a good correlation is shown between N exc and the IRAS 100 μm map. On the other hand, the H 2 fluorescence emission map is obtained directly from the FIMS/ SPEAR observations, as shown in Figure 3(d) . The map shows general enhancement inside the cloud, as in the case of the atomic neutral hydrogen map (Figure 1(c) ) or the dust emission map. However, the H 2 fluorescence emission in Figure 3(d) does not peak at the Draco cloud core, where the dust emission is brightest and N exc is maximum (Moritz et al. 1998) . The H 2 fluorescence emission morphology is also different from that of the FUV continuum. We believe these discrepancies are caused by nonuniform radiation fields in this core region, perhaps coupled with internal absorption.
SUMMARY
We observed the FUV (1350-1750 Å) emissions toward the Draco cloud region using an imaging spectrograph FIMS/ SPEAR. It was argued that the diffuse FUV continuum emission is mostly due to the dust scattering by stellar and interstellar radiation fields. The spectrum showed many important atomic and molecular emission lines, implying that the Draco cloud region consists of hot and warm interstellar gases as well as of the form of H 2 . Enhancement of the C iv emissions inside the Draco cloud was attributed to turbulent mixing layers in the plumes trailing the clumps of the Draco cloud. The detection of the O iii] emission line and the correlation with Hα might also support this scenario. The intensities of C iv and Si ii* lines outside the cloud are consistent with those observed in Galactic halos. Furthermore, the H 2 fluorescence map generally correlates with the previously estimated H 2 distribution, the atomic neural hydrogen and dust emission.
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